We report on the first detection in space of fulminic acid, HCNO. This isomer of HNCO has been observed in three starless cores, B1, L1544 and L183, and in the low mass star forming region L1527 with a measured abundance ratio of HNCO/HCNO between 40-70. However, HCNO was not detected towards the direction of the cyanopolyyne peak of TMC-1 or towards the Orion Hot Core region. The derived HNCO/HCNO abundance ratio in these cases is greater than 350 and 1000 in TMC-1 and Orion, respectively. We find that CH 2 + NO → HCNO + H is a key reaction for the formation of fulminic acid. A value of 5.5×10
INTRODUCTION
Isocyanic acid (HNCO) was first detected towards Sgr B2 (Snyder & Buhl 1972) and its rotational transitions have been found to be prominent towards the molecular clouds of the Galactic Center (Kuan & Snyder 1996; Cummins et al. 1986; Turner 1991; Martín et al. 2008) . Since then, it has been observed towards dense cores associated with massive star formation (Jackson et al. 1984; Churchwell et al. 1986; Zinchenko et al. 2000) , in the direction of TMC-1 (Brown 1981; Kaifu et al. 2004) , in diffuse clouds (Turner et al. 1999 ) and in external galaxies (Meier & Turner 2005; Martín et al. 2006) . Hence, isocyanic acid is found in a large variety of physical environments. In the 3 mm line survey we have performed in four dark cloud cores using the IRAM 30-m telescope (Marcelino et al. 2007a,b) we detected HNCO in all the observed sources, showing that this species is a common constituent of dark clouds. While its abundance in dark and diffuse clouds is ≃10 −10 (Turner 1991) , in hot cores, the Galactic Center clouds and in external galaxies it is ≃ 1 − 5 × 10 −9 (Zinchenko et al. 2000; Martín et al. 2006 Martín et al. , 2008 Meier & Turner 2005) .
HNCO has several isomers with a singlet electronic state: HOCN, HCNO, HONC, and HNOC. The chemical pathways leading to those isomers could be very different, since there is not an obvious common precursor. Thus, their detection in space could provide some information on the chemistry of these species. Unfortunately, only HNCO and HCNO have been fully characterized in the spectroscopic laboratories so far (see below). In this Letter we report on the first detection of fulminic acid, HCNO, towards B1, L1544, L183 and L1527.
OBSERVATIONS AND RESULTS
The observations were performed using the IRAM 30-m telescope (Granada, Spain) between 2002 December and 2007 February, and in 2008 July. We used two 3 mm SIS receivers working simultaneously at the same frequency, but with orthogonal polarizations. Both receivers were tuned in single sideband mode with image rejections ∼24 dB. System temperatures were ∼150 K, for the lowest frequencies and between 200-250 K for the highest ones. The observations were done in frequency switching mode. The spectrometer was an autocorrelator with 40 kHz of spectral resolution (∼0.13 km s −1 ). Intensity calibration was performed using two absorbers at different temperatures. The atmospheric opacity was obtained from the measurement of the sky emissivity and the use of the ATM code (Cernicharo 1985) . Weather conditions were typically average summer conditions (water vapor column ∼5 mm and zenith opacities ≤0.1 at 3 mm), except for the period in 2008 July when we had very good weather conditions (<2 mm of precipitable water and opacities ∼0.03).
Pointing and focus were checked, on strong and nearby sources, every 1.5 and 3 hours respectively. At the observed frequencies the beamwidth of the antenna is in the range 26 ′′ − 22 ′′ and the main beam efficiency is 0.77 − 0.74. The sources being similar in size, or slightly larger, than the main beam of the telescope, the contribution of the error beam to the observed intensities is negligible and all the spectra have been calibrated in main beam temperature scale. The observed lines are shown in Figure 1 and the derived line parameters, obtained from gaussian fits using the GILDAS package 4 , are resumed in Table 1 .
During the 3 mm line survey (85.9-93.1 GHz) of the dark clouds B1, L1544, L183 and TMC-1, we have detected several unidentified lines. Among them one line at 91.751 GHz was observed toward all sources except TMC-1. The observed frequency was not found in the available molecular catalogs: JPL (Pickett et al. 1998) , CDMS (Müller et al. 2001 (Müller et al. , 2005 , and NIST (Lovas 1992 (Lovas , 2004 . Using a personal spectral line catalog developed by one of us (J. Cernicharo), we tentatively identified this line as the transition J = 4 − 3 of fulminic acid (HCNO). The frequencies of this species have been measured in the laboratory up to J up = 12, corresponding to ν max = 275.2 GHz, by Winnewisser & Winnewisser (1971) . The agreement between the frequency measured in the laboratory for the J = 4−3 transition and that observed in dark clouds was better than 30 kHz, i.e., similar to the uncertainty of the laboratory measurements and of the velocity determination in these objects. Within the survey frequency range we have also observed the 4 04 − 3 03 transition of HNCO in all sources, including TMC-1. Frequencies for HNCO have been computed from the effective rotational constants obtained recently by Lapinov et al. (2007) .
In order to confirm the new detection we had additional observations with the IRAM 30-m radio telescope in 2008 July. We improved the S/N ratio on the J = 4 − 3 transition, and observed the J = 5 − 4 towards the sources where the previous one was detected. We also included in this run L1527 to our targets. This source hosts a Class 0/I protostar and lately has been of great interest because of its strong lines of carbon-chain species (Sakai et al. 2007 (Sakai et al. , 2008 . In this source we have observed two positions, the central one towards the direction of the protostar, and another one located at an offset of (20 ′′ , −20 ′′ ), where the emission of carbon chains is still intense (see, Sakai et al. 2008) . The observation of these two positions in L1527 could permit to distinguish between the emission in the region around the protostar and that of the cold envelope. We have also observed in this run another transition arising from HNCO, in order to derive volume densities, column densities, and the abundance ratio between both isomers. Note. -R is the HNCO/HCNO abundance ratio. Errors to the column density are in parentheses in units of the last digit. L1527-B corresponds to the position (20 ′′ , −20 ′′ ) of this source. The first entry in N (HNCO), N (HCNO), and R corresponds to the values obtained from the rotational diagrams, while the second one corresponds to those obtained from the LV G calculations. Figure 1 shows the observed profiles for the HNCO and HCNO transitions. The J = 4 − 3 transition of HCNO is clearly detected in B1, L1544, L183 and L1527 well above 6σ level. However, it was not detected towards the direction of the cyanopolyyne peak of TMC-1, with an rms of 6 mK. The J = 5 − 4 transition was detected only towards B1 and L1527 with similar intensities than those of the 4 − 3 line. Upper limits (3σ) to the J = 5 − 4 line intensity are <0.010 K, <0.012 K, and <0.018 K for L1527 (20 ′′ , −20 ′′ ), L1544, and L183 respectively. This line should be 2-2.5 times weaker than the J = 4 − 3 transition, which is consistent with the intensity ratios for HNCO in these sources.
DISCUSSION
The dipole moment of fulminic acid is 3.099 D (Takashi et al., 1989) , while that of HNCO is 2.1 (µ a =1.60 D, µ b =1.35 D; Hocking et al. 1974 ). Consequently, both molecules could have different excitation conditions and we have performed rotational diagrams in order to obtain rotational temperatures (T rot ) and column densities (N ). Two transitions of HNCO were observed in all the sources. The fit of both lines gives rotational temperatures of 12 ± 3 K, 12 ± 4 K, 15 ± 6 K, 6 ± 1 K, 7 ± 1 K and 6 ± 1 K for B1, L1527 (0, 0), L1527 (20 ′′ , −20 ′′ ), L1544, L183 and TMC-1, respectively. Errors to the derived temperatures and column densities include those obtained from the gaussian fit, calibration errors and the fact that we are using only two transitions to perform the rotational diagram. Although HNCO presents hyperfine structure, we have not included it in our calculations since it is only important for low rotational quantum numbers (J < 3). Nevertheless, two weak hyperfine lines are visible towards B1 in the 4 04 -3 03 transition at 4 and 9 km s −1 (see Fig. 1 ). They are ten times weaker than the strongest component indicating that the HNCO lines are optically thin. B1 and the central position of L1527 are the only sources where two transitions of fulminic acid have been detected, and where we have estimated rotational temperatures of 10 ± 4 K and 17 ± 8 K respectively. For the other three sources T rot has been assumed to be the same for both isomers. Table 2 shows the obtained column densities for HCNO and HNCO, and the abundance ratio between both isomers.
Collisional rates for HNCO are available from Green's calculations 5 . We have used a Large Velocity Gradient code to derive volume and column densities for HNCO and HCNO in order to better constraint the HNCO/HCNO abundance ratio (hereafter refered to as R). The collisional rates J → J ′ for HCNO are unknown but we have assumed that they are identical to the J 0J → J ′ 0J ′ collisional rates of HNCO. The adopted kinetic temperatures are 10 K for all dark clouds except B1 and L1527 for which we have assumed T kin = 15 K following the rotational temperatures derived above from HNCO. The obtained values for n(H 2 ), N (HNCO) and N (HCNO) are also given in Table 2 . Errors to the LV G calculations are estimated to be about 25 %. The agreement between the column densities derived from the two methods is very good.
In Orion-KL we have detected more than 60 spectral lines of HNCO at 3, 2 and 1.3 mm (see the line survey of Orion by Tercero et al., 2008, in preparation) . Column densities have been calculated using LTE approximation included in radiative transfer codes developed by J. Cernicharo (Cernicharo 2008, in preparation) . We have kept constant the physical properties of each component of Orion-KL (extended ridge, compact ridge, plateau and hot core; see Blake et al. 1987 for the standard values we have assumed) including their sizes and offsets with respect IRc2 (survey pointing position). Corrections for beam dilution are applied for each line. We have estimated the uncertainty to be about 25 %, considering error sources as the line opacity effects, the simplification of the model, the division of the whole line emission in different components and pointing and calibration errors. The results are (1.5±0.4)×10
14 , (1.5±0.4)×10 15 , (1.0±0.3)×10
15 and (7±2)×10 14 cm −2 for the extended ridge, the plateau, the compact ridge and the hot core respectively. For the hot core a second component with T kin =300±75 K and N (HNCO)=(6±2)×10
15 cm −2 is needed to reproduce the observations. In none of these components HCNO has been detected. The upper limit to R is 1100 in the hot core, the plateau and the compact ridge, and 300 in the extended ridge. Since the Orion region is dominated by grain-surface chemistry -which explains the large column density of HNCO-rather than ion-molecule and neutral-neutral gas phase reactions, the lack of HCNO suggests that grain surface chemistry is not the main path to the production of HCNO in molecular clouds (see below).
From recent state of the art ab initio calculations, the relative energies of HOCN, HCNO and HONC, in their ground electronic singlet states, compared to HNCO, are 24.7, 70.7 and 84.1 kcal mol −1 at an unprecedented level of accuracy (Schuurman et al. 2004) . Another isomer, HNOC, is predicted by ab initio calculations at ≃135 kcal mol −1 above HNCO . The relative abundance of the different isomers in molecular clouds depend on the chemical paths leading to their formation. Unlike the case of HCN/HNC, which are mainly formed from the dissociative recombination of HCNH + , there is not an obvious common parent molecule leading to the simultaneous formation of the various HNCO isomers. The most evident formation path for HNCO and HCNO could be the reaction of HCNH + with atomic Note. -R is the HNCO/HCNO abundance ratio oxygen and OH. Unfortunately, it has been shown in the laboratory that HCNH + does not react with oxygen (Scott et al. 1999) and nothing is known about its reaction with OH. Iglesias (1977) suggested the reaction NCO + + H 2 → HNCO + + H as a starting point for the chemistry of HNCO. The other isomers can not be produced via this reaction as the corresponding channels are endothermic. We have introduced a tentative gas phase chemical network with the three most stable isomers -HNCO, HOCN and HCNO-and their associated ions which have been studied theoretically by Luna et al. (1996) . We have obtained that the proton transfer reactions involving H Hop et al. (1989) . These ion-molecule reactions are followed by dissociative recombination where we assume that no chemical structural change occurs so that H 2 NCO + /H 2 CNO + + e − → HNCO/HCNO + H, and HOCNH + + e − → HNCO/HOCN + H.
Neutral-neutral reactions may also be at work. So, HNCO can be formed by CN + O 2 → NCO + O, followed by NCO + H 2 → HNCO + H, as suggested by Turner (2000) . However the presence of an activation barrier in the NCO + H 2 reaction can not be dismissed and a tentative barrier of 500 K is introduced in the present work. In addition, a favorable neutral-neutral pathway leading to the formation of HCNO is provided by CH 2 + NO → HCNO + H, a reaction well studied in combustion and atmospheric chemistry (Glarborg et al. 1998) , for which no activation barrier has been found by Roggenbuck & Temps (1998) from ab initio studies. Other neutral-neutral reactions of HCNO in the presence of atomic oxygen and NO may occur (Miller et al. 2003) . Including these various possibilities in a chemical network, we have computed equilibrium solutions by solving directly the steady state chemical equations. Table 3 displays the fractional abundances relative to molecular hydrogen for different volume densities in cold clouds, at a temperature of 10 K and a cosmic ionization rate of 5×10 −17 s. These results do not differ considerably when assuming a temperature of 15 K and 20 K. The predicted abundance for NO is in good agreement with the value observed in dark clouds (Gerin et al. 1992 (Gerin et al. , 1993 . NCO has also a large abundance, but due to its moderate dipole moment (0.67 D) and a 2 Π structure diluting the emission spectrum resulting from an enhanced partition function, the expected intensity from its rotational lines is rather weak. From our line survey of dark clouds (Marcelino et al. 2007a,b) we derive limits to its abundance of 1-5×10 −9 . The result from our models show a good agreement with the values observed for R in dark clouds and low-mass star forming regions. It increases with volume density up to n(H 2 )=10 5 cm −3 , but decreases again when the density is larger than this value. It seems that for low and high volume density clouds fulminic acid could be rather abundant, while in clouds of moderate density, like TMC-1, it will be much less abundant than isocyanic acid, HNCO. Furthermore TMC-1 shows a very peculiar chemistry, being a carbon rich source while it is deficient in oxygen bearing species. That could be the reason why HCNO is detected in L183, similar to TMC-1 in density and temperature but oxygen rich, and not towards TMC-1. The formation of HNCO on dust grains may also be very efficient (Hasewaga & Herbst 1993) and these surface chemistry processes could also lead to the formation of HCNO (Herbst, private communication). However, the gas phase models predict abundances for HNCO very close to those observed in dark clouds. Moreover, these models also predict the observed HNCO/HCNO abundance ratio. The detection of the different isomers of HNCO provides a fundamental information concerning the physical and chemical conditions, in particular the respective contribution of gas phase and grain processes in the chemistry since there is not an obvious common precursor for them. Thus, the observation of the other isomer of HNCO, HOCN, for which present gas phase models predict a very low abundance in dark clouds could provide a good discrimination between gas and grain surface processes in dark clouds. The search for HNCO isomers towards different environments would be the next step to further investigate their chemical production.
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